ABSTRACT Eggs (n = 1,800) obtained from Ross broiler breeders at 32 and 48 wk of age were incubated at either a constant temperature of 37.6°C throughout (T1), or the temperature was reduced for 6 h to 36.6°C each day during embryonic age (EA) 10 to 18 (T2). Yolk sac, liver, and brain fatty acid profiles and oxidant and antioxidant status of liver and brain were measured at EA 14, 19, and day of hatch (DOH). Fatty acid profiles of yolk sac, liver, and brain were influenced by age of breeder with significant breeder hen age × incubation temperature interactions. At EA 14, higher levels of 20:4n-6 and 22:6n-3 had been transferred from the yolk sac to T2 embryos from younger than older breeders, whereas for T1 and T2 embryos, yolk sac 20:4n-6 and 22.6n-3 values were similar for older breeders. Accumulation of 20:4n-6 and 22:6n-3 fatty acids in the liver of T1 and T2 embryos from younger breeders was similar; however, T2 embryos from older breeders had higher liver levels of 20:4n-6 and 22:6n-3 than T1 embryos. At EA 19, liver nitric oxide levels were higher for T2 embryos from younger breeders than those from breeders incubated at T1. Brain catalase levels of T2 embryos from younger breeders were higher than those from older breeders at DOH. Thus, changes in fatty acid profiles and catalase and nitric oxide production of brain and liver tissues resulting from 1°C lower incubation temperature from EA 10 to 18 reflect adaptive changes.
INTRODUCTION
There is a growing interest in temperature manipulation during incubation to initiate adaptation to environmental temperatures posthatch (Tzschentke, 2007; Janke and Tzschentke, 2010) . This is because epigenetic temperature adaptation to warmer environmental temperatures can be induced by increasing temperatures during certain periods of incubation (Yahav et al., 2004; Yalçın et al., 2005 Yalçın et al., , 2008b . Tzschentke and Basta (2002) showed that exposure to cooler incubation temperatures induced postnatal cold adaptation in Muscovy ducklings. Shinder et al. (2009 Shinder et al. ( , 2011 reported that exposures to 15°C for 30 or 60 min each at 18 and 19 d of incubation enhanced the ability of broilers to withstand low ambient temperatures. Recently, we showed that a 1°C lower cyclic incubation temperature from 10 to 18 d of incubation reduced embryonic growth and extended the incubation period. However, after ending temperature modification at embryonic age (EA) 18, embryos exhibited compensatory growth at normal incubation temperatures (Yalçın et al., 2012) . By normal, we refer to temperature ranges between 37 and 38°C recommended by Wilson (1991) for optimum embryo development.
Mechanisms involved in epigenetic adaptation are attributed to cellular differentiation (Choi, 2010) with lipids, especially fatty acids due to their diverse roles in membrane biogenesis and thermogenesis, receiving considerable interest (Cherian, 2011) . The utilization of yolk lipids is important for the growth and development of chicken embryos. During incubation, about 50% of the total fatty acids of the yolk are incorporated into embryonic tissues (Speake et al., 1998a) . The remaining fatty acids undergo β-oxidation of more saturated fatty acids (SFA) to provide energy for development. However, C20-22 polyunsaturated fatty acids (PUFA) have resistance to β-oxidation and are preferentially taken up by the embryo (Speake et al., 1998 a,b) . Relatively high levels of PUFA accumulate in several tissues Effect of manipulation of incubation temperature on fatty acid profiles and antioxidant enzyme activities in meat-type chicken embryos S. Yalçın ,* 1 N. Bağdatlıoğlu , † Ç. Yenisey , ‡ P. B. Siegel , § S. Özkan ,* and M. Akşit # during incubation, with the accumulation of arachidonic acid (20:4n-6) and docosahexaenoic (DHA, greater than for C16 and C18 fatty acids (Maldjian et al., 1995; Surai et al., 1999) . Breeder hen age is associated with yolk sac fat content and uptake of fat by the embryo (O'Sullivan et al., 1991; Yadgary et al., 2010) and the transfer of DHA from the yolk sac to the embryo is affected by an interaction of breeder hen age and incubation temperature. That is, it is lower in embryos from older breeders incubated at higher temperatures and the opposite for those from younger breeders (Yalçın et al., 2008a) . Protection of unsaturated fatty acids from peroxidation is important during embryonic development. Malondialdehyde (MDA), a by-product of lipid peroxidation, is an indicator of oxidative stress, whereas nitric oxide (NO) is the primary free radical produced in cells (Powers and Jackson, 2008) . During different periods of development, NO has an important role in formation of the central nervous network and mediates epigenetic changes associated with differentiation in neurons (Nott and Riccio, 2009) . Also, in the anterior hypothalamus of duck embryos, NO acts a mediator of the neuronal cold pathway, which might be improved by prenatal cold stimulation (Dunai and Tzschentke, 2012) .
During embryonic development, brain tissues are more susceptible than liver to lipid peroxidation (Surai et al., 1996) , and antioxidant enzymes have important roles in tissue protection against lipid peroxidation (Ames et al., 1993) . To protect membrane lipids, organisms have developed an antioxidant defense system that includes the enzymes catalase (CAT), glutathione peroxidase (GSH-Px), and superoxide dismutase (Gutteridge, 1995) . Antioxidant activities, which are relatively low in embryonic tissues, are related to the status of tissue differentiation during embryonic development (Fantel, 1996) . Daily cyclical higher (39.6°C) incubation temperatures from EA 10 to 18 to acclimate chicks to higher temperatures posthatch did not affect their antioxidant profiles at day of hatch (DOH; Yalçın and Akşit, 2009 ). To our knowledge, the oxidant and antioxidant status of the developing embryo at cooler temperature has not been reported. Because previously we showed that lipid accumulation from yolk to embryo was affected by lower incubation temperatures (Yalçın et al., 2012) , the present study was designed to investigate the effects of daily cyclical cooler incubation temperatures and breeder hen age on fatty acid profiles and antioxidant enzyme activities in meat-type chick embryos.
MATERIALS AND METHODS
The care and use of animals were in accordance with laws and regulations of Turkey and approved by the Ethical Committee of the Ege University (license number 2009-17).
Detailed procedures on incubation conditions were reported by Yalçın et al. (2012) . Briefly, 1,800 eggs were obtained from a farm that had Ross 308 broiler breeders at 32 (younger) and 48 (older) wk of age. Mean egg weights were 58.2 and 67.0 g (±0.5) for younger and older breeders, respectively. Relative yolk weights were 27.6 and 30.1% for eggs from younger and older breeders (±0.3), respectively. All breeders were fed a diet consisting of 16% protein and 2,750 kcal/kg of ME. The main fatty acid compositions of the diets were linoleic (18:2n-6, 56.21%), oleic (18:1n-9, 21.89%), palmitic (16:0, 11.51%), and linolenic (18:3n-3, 4.16%) acids. Eggs from each breeder hen age were numbered and randomly assigned to 2 incubators and incubated at either constant 37.6°C (T1) or at a temperature reduced to 36.6°C daily for 6 h (between 1000 and 1600 h) from EA 10 to 18 (T2). Relative humidity was maintained at 58% in both incubators. There were 6 replicate egg trays for each breeder hen age/incubation temperature.
Prior to incubation, 10 eggs from each breeder hen age were randomly selected and their yolk was analyzed for fatty acid profiles. At EA 14 and 19 (internal piping stage), 10 fertile eggs randomly selected from each breeder hen age/incubation temperature (1 egg from trays numbered 1 and 4, and 2 eggs from trays numbered 2, 3, 5, and 6) were removed, the embryos killed by cervical dislocation, and the yolk sac, brain, and liver dissected and weighted (Yalçın et al., 2012) . Yolk sacs and the left half of the liver and brain hemisphere from each embryo were stored at −20°C for subsequent analyses for fatty acids. The right half of the liver and brain hemisphere were stored at −80°C for measurements of oxidative stress and antioxidant enzymes.
All eggs were transferred to hatching baskets at 18 d of incubation 30 min after temperature manipulation (at 16:30 h). This sampling procedure was repeated on DOH with 10 chicks.
Yolk Sac, Liver, and Brain Fatty Acid Analyses
Lipids were extracted from yolk, liver, and brain according to Folch et al. (1957) . Lipid was extracted with chloroform:methanol (2:1, vol/vol) and total lipids were methylated by sodium methoxide in ethanol. After fatty acid methyl esters (FAME) were obtained, the mixture was shaken for 10 min and centrifuged at 4,000 × g for 5 min. The upper phase was collected, dried with sodium sulfate, and concentrated with nitrogen gas for gas chromatographic analysis. A gas chromatograph (Agilent 6890N Series) equipped with an autosampler (model 7683B), GC ChemStation, and flame ionization detector (Agilent Technologies Inc., Wilmington, DE) was used to analyze the FAME. A DB-23 column was used for the analysis (60 m, 0.25-mm i.d., 0.25-m film thickness; Agilent Technologies Inc.). Identification of FAME was achieved by comparing the retention times to FAME standards (Mixture ME-100, Greyhound Chromatography and Allied Chemicals, Birkenhead, Merseyside, UK). Fatty acids profiles of egg yolk, yolk sac, and brain and liver tissues are reported as percentages of total fatty acids. Although all fatty acids were measured, only those >1% [i.e., palmitic (16:0), palmitoleic (16:1n-7), steraic (18:0), oleic (18:1n-9), and linoleic (18:2n-6) acids, and dihomo-gamma linolenic (20:3n-6), arachidonic (20:4n-6), and DHA (22:6n-3)] are presented because of their biological relevance to this experiment. Also calculated were total SFA, monounsaturated fatty acids (MUFA), and PUFA and the ratio of SFA to PUFA (SFA/PUFA).
Determination of Oxidant and Antioxidant Enzyme Activities in Liver and Brain
Tissues were homogenized in 50 nM phosphate buffer, pH 7.4 at 4°C (wt/vol = 1/10). After centrifugation at 4,000 × g at 4°C for 5 min, the supernatant was used for enzymatic assays.
Tissue GSH-Px
The assay for GSH-Px activity coupled the reaction of cumene hydroperoxide to the oxidation of dinucleotide phosphate (NADPH) by glutathione reductase (Kakkar et al., 1998) . A 50-µL supernatant was added to 1-mL quartz cuvette containing 950 µL of the reaction mixture (Tris buffer, Na 2 EDTA, NADPH, GSH, sodium azide, and glutathione reductase) and incubated for 5 min at 37°C. The peroxidase reaction was initiated by the addition of H 2 O 2 . The NADPH oxidation was measured at 340 nm for 3 min. Nonenzymatic oxidation of NADPH was corrected and the decrease in NADPH absorbance recorded.
Tissue CAT
Tissue CAT was determined by the spectrophotometric/enzymatic method described by Aebi (1984) . The principle of this assay is based on the determination of the rate constant of hydrogen peroxide decomposition by CAT enzyme. The CAT-mediated decomposition of hydrogen peroxide was followed at 240 nm. A 50-to 100-µL supernatant was added to 1 mL of a solution containing 50 mmol/L of sodium sulfate and 10 mmol/L of hydrogen peroxide. The rate of constant was calculated as k = (2.3/∆ t) log (Abs1/Abs2) = 0.1175/ ∆ t (sn − 1), where Abs1 and Abs2 are the absorbance values of hydrogen peroxide at T1 (0 s) and T2 (15 s). Results are presented as units per gram of tissue weight.
Tissue MDA
The MDA forms a colored complex in the presence of TBA, which is detectable by measurement of absorbance at 532 nm. Levels of MDA were determined by the spectrophotometric/colorimetric method described by Ohkawa et al. (1979) . A 0.2 mL of homogenate was mixed with 1.5 mL of 0.67% TBA (Sigma-Aldrich, St. Louis, MO), 1.5 mL of 20% acetic acid (Merck, Darmstadt, Germany) in pH 3.5, 0.2 mL of 8.1% sodium dodecyl suphate (Sigma-Aldrich). After coupling, all samples and standards were heated at 200°C for 1 h, cooled on ice, and their absorbance measured at 532 nm.
Tissue NO
Determination of NO followed a modification (Öz-demir et al., 2010) of the cadmium-reduction method (Navarro-Gonzalves et al., 1998) . A 400-µL sample was denaturated by adding 80 µL of 30% ZnSO 4 , stirring, and then centrifuging at 10,000 × g for 20 min at 4°C. Cadmium granules were activated by a CuSO 4 solution in glycine-NAOH buffer. Samples were analyzed spectrophotometrically using a microplate reader and quantified automatically against a KNO 3 standard curve. Results were expressed as micromoles per gram.
Statistical Analyses
Data were analyzed by ANOVA with main variables being breeder hen age, incubation temperature, EA, and the interactions among them using JMP version 5.1 (SAS Institute Inc., 2003). Because yolk sac, liver, and brain fatty acids and the oxidant and antioxidant status of liver and brain change during incubation, data were also analyzed separately among ages (EA 14, EA 19, and DOH). Data were also analyzed within each age with main effects being breeder hen age, incubation temperature, and the interaction between them. When the interaction was significant, ANOVA comparisons were performed by Tukey's comparison test. When necessary, a log-transformation was used to normalize the data. Differences were considered significant at P < 0.05.
RESULTS
Prior to incubation, eggs from younger breeders had higher levels of 16:0, 16:1n-7, and 18:2n-6 and lower levels of 18:1n-9 yolk fatty acids than older breeders (Table 1). Age of breeder did not affect yolk 18:0, 20:3n-6, 20:4n-6, and 22:6n-3 fatty acids (%).
Yolk Sac Fatty Acids
Yolk sac fatty acids 16:0, 16:1n-7, and 18:2n-6 were similar from EA 14 to DOH. Yolk sac 18:1n-9 and consequently total MUFA concentrations, increased consistently (P = 0.005) during this period, whereas both 20:4n-6 and 22:6n-3 decreased (P < 0.001). Yolk sac 18:0 and 20:3n-6 fatty acids decreased from EA 14 to 19 and then increased slightly at DOH. Mean total PUFA levels and SFA/PUFA were not changed by EA from 14 to DOH.
At EA 14, yolk sac 18:2n-6 was higher for younger than older breeders ( Table 2 ). The T2 had lower yolk sac 16:1n-7 levels than T1. The breeder hen age × incubation temperature interactions (P < 0.001) for yolk sac 20:4n-6 and 22:6n-3 fatty acids at EA 14 were because 20:4n-6 and 22:6n-3 were lower for T2 than T1 for embryos from younger breeders, whereas there were no incubation temperature effects on those fatty acids from older breeders (Table 3) .
At EA 19, yolk sac 16:0 and 20:3n-6 levels were higher and 18:1n-9 was lower in embryos from younger than older breeders. A breeder hen age × incubation temperature interaction (P = 0.024) for yolk sac 18:0 resulted from a lower level of 18:0 for younger than older breeders for T1 incubation (Table 3) . At DOH, age of breeder was significant for yolk sac 18:0, 18:2n-6, and 20:3n-6, being higher in chicks from younger than older breeders. In contrast, for 18:1n-9 values were higher for older than younger breeders (Table 2) . Total MUFA and PUFA followed the same pattern as individual fat- a,b Means in the same row within a fatty acid for breeder age and for incubation temperature with no common superscript differ significantly (P < 0.05).
x,y Means in the last column within a fatty acid with no common superscript differ significantly (P < 0.05). 1 SE: pooled SE. 2 T1: eggs were incubated at constant 37.6°C. T2: eggs were exposed to 1°C lower (36.6°C) incubation temperature for 6 h each day from EA 10 to 18. 3 Mean: mean fatty acid for each age. 4 P-values.
ty acids. Fatty acid composition of the yolk sac at DOH was similar for T1 and T2.
Liver Fatty Acids
For EA 14 and 19, the major fatty acid in the liver was 18:1n-9, and during this period 18:2n-6 increased (P < 0.001), whereas 16:0, 18:0, and 20:3n-6 decreased (P < 0.001; Table 4 ). The only fatty acid that increased consistently in the liver during incubation was 16:1n-7, and consequently the increase in total MUFA was also significant (P < 0.001). Liver 20:4n-6 and 22:6n-3 fatty acid levels were similar at EA 14, 19, and DOH, whereas SFA/PUFA decreased from EA 14 (1.93) to DOH (0.95).
Liver 16:0 and 18:0 at EA 14 were lower in embryos from younger than older breeders. Fatty acids 18:1n-9 and 20:3n-6 were lower, whereas 20:4n-6 and 22:6n-3 were higher for embryos from older breeders incubated at T2 than for T1, resulting in an interaction (P < 0.001) between breeder hen age and incubation temperature (Table 3 ). This interaction was also significant for liver 18:2n-6 at EA 14 because embryos from older breeders had lowest 18:2n-6 at T1 incubation (Table 3) . Liver SFA/PUFA was higher for embryos from older breeders incubated at T1 (2.88) than from T2 (1.22), whereas for younger breeders it was similar for T1 and T2 (data not shown).
On EA 19, interactions between breeder hen age and incubation temperature were significant (P < 0.001) for all liver fatty acids measured except for 18:2n-6, which was lower for T2 than T1 (Table 4) . These interactions were due to higher liver 16:0, 18:0, 20:3n-6, 20:4n-6, and 22:6n-3 but lower for 16:1n-7 and 18:1n-9 levels of embryos from older breeders incubated at T1 than from the T2 and all the others (Table 3) . At DOH, chicks from younger breeders had higher liver 18:2n-6, and lower 22:6n-3 than those from older breeders. At DOH, T2 chicks had higher liver 16:0 and 18:0 but lower 18:1n-9 and 18:2n-6 levels than T1 (Table 4) . Also, at DOH liver SFA/PUFA was higher for chicks from older (0.89) than younger breeders (1.00) and for chicks from T2 (0.86) than T1 (1.04; data not shown in tables).
Brain Fatty Acids
The major fatty acid in brain was 16:0 followed by 18:1n-9 and 18:0. From EA 14 to 19, brain 18:0, 20:3n-6, 20:4n-6, and 22:6n-3 fatty acids increased (Table 5) , whereas 16:1n-7 decreased from EA 14 to DOH. The decrease in 16:0 was from EA 19 to DOH, whereas for 18:1n-9 it was from EA 14 to 19. Brain 18:2n-6 decreased from EA 14 to 19 and then increased at DOH (P < 0.001). The SFA/PUFA ratio decreased consistently from 2.40, 2.06, and 1.90 at EA 14, 19, and DOH, respectively (P < 0.001).
At EA 14, brain 16:0 was lower for T2 than T1 (Table  5 ). There were breeder hen age × incubation temperature interactions for 20:4n-6 (P = 0.005) and 22:6n-3 (P a-c Means for the same fatty acid with no common superscript differ significantly (P < 0.05). 1 T1: eggs were incubated at constant 37.6°C. T2: eggs were exposed to 1°C lower (36.6°C) incubation temperature for 6 h each day from EA 10 to 18. < 0.001) at EA 14. These interactions were because values from embryos from younger breeders were lower for T2 than T1, whereas there was no effect of incubation temperature for embryos from older breeders (Table 3) . At EA 19, embryos from older breeders incubated at T2 had lower brain 18:1n-9 levels than those incubated at T1, resulting in an interaction (P < 0.001) between breeder hen age and incubation temperature (Table 3) . There were also significant interactions for brain 20:4n-6 and 22:6n-3 fatty acids, which were due to the lower 20:4n-6 and 22:6n-3 fatty acid levels for embryos from older breeders that were T1 incubated.
At DOH, brain 16:1n-7, and 18:2n-6 were similar for breeder hen ages and incubation temperatures. In contrast, 20:3n-6 was higher for embryos from younger than from older breeders (Table 5 ). An interaction (P < 0.001) resulted from chicks from younger breeders incubated at T2 having lower brain 16:0, 18:0, and 20:4n-6 levels than those from T1 at DOH (Table 3) . At DOH, T2 chicks, in comparison with T1 chicks, had higher brain 18:1n-9 from younger breeders but lower 22:6n-3 levels (Table 3) . However, neither breeder hen age nor incubation temperature significantly influenced brain SFA/PUFA at DOH.
MDA, GSH-Px, and CAT
From EA 14 to 19, liver MDA (P = 0.001), GSH-Px (P < 0.001), and CAT (P = 0.005) decreased, whereas NO levels were similar (Table 6 ). Neither breeder hen age nor incubation temperature affected liver oxidant and antioxidant status at EA 14 (Table 6) . By EA 19, however, liver MDA and CAT were lower for younger than older breeders. A breeder hen age × incubation temperature interaction (P = 0.003) for liver NO was because it was higher for T2 embryos from younger breeders whereas the pattern was opposite for older breeders (Table 7) . At DOH, neither breeder hen age nor incubation temperature affected liver MDA and GSH-Px (Table 6 ). The interaction (P < 0.001) between breeder hen age and incubation temperature for liver NO at DOH occurred because for T2 liver NO was lower for chicks from older breeders, whereas those from younger breeders were similar (Table 7) . The interaction between breeder hen age and incubation temperature for liver CAT levels at DOH resulted from chicks from younger breeders incubated at T1 having the higher CAT level than those from T2 (Table 7) .
There were no significant changes in brain CAT and GSH-Px from EA 14 and DOH. Brain MDA and NO, a,b Means in the same row within a fatty acid for breeder age and for incubation temperature with no common superscript differ significantly (P < 0.05).
x-z Means in the last column within a fatty acid with no common superscript differ significantly (P < 0.05). 1 SE: pooled SE. 2 T1: eggs were incubated at constant 37.6°C. T2: eggs were exposed to 1°C lower (36.6°C) incubation temperature for 6 h each day from EA 10 to 18. 3 Mean: mean fatty acid for each age. 4 P-values.
however, increased (P < 0.001 and 0.003, respectively) from EA 19 to DOH (Table 8) . Although breeder hen age did not influence brain NO and GSH-Px levels at EA 14 (Table 8) , there was a breeder hen age × incubation temperature interaction (P = 0.009) for brain MDA. This occurred because for T2 values were greater for T1 embryos from older breeders and similar for embryos from younger breeders (Table 7) . For T2 at a,b Means in the same row within a fatty acid for breeder age and for incubation temperature with no common superscript differ significantly (P < 0.05).
x-z Means in the last column within a fatty acid with no common superscript differ significantly (P < 0.05). 1 SE: pooled SE. 2 T1: eggs were incubated at constant 37.6°C. T2: Eggs were exposed to 1°C lower (36.6°C) incubation temperature for 6 h each day from EA 10 to 18. 3 Mean: mean fatty acid for each age. a,b Means in the same row within an enzyme for breeder age and for incubation temperature with no common superscript differ significantly (P < 0.05).
x,y Means in the last column within an enzyme with no common superscript differ significantly (P < 0.05). 1 SE: pooled SE. 2 T1: eggs were incubated at constant 37.6°C. T2: eggs were exposed to 1°C lower (36.6°C) incubation temperature for 6 h each day from EA 10 to 18. 3 Mean: mean oxidant/antioxidant for each age. 4 P-values.
EA 14, brain CAT was higher for embryos from older breeders than the other 3 groups (Table 7) . Brain MDA and NO were higher for embryos from younger than older breeders at EA 19. A significant breeder hen age × incubation temperature interaction for brain CAT occurred because, whereas at EA 19 embryos from younger breeders had the highest CAT when incubated at T1, at DOH the highest brain CAT was for chicks from younger breeders incubated at T2 (Table 7) . The interaction (P = 0.006) at DOH for brain NO resulted from chicks from younger breeders having higher levels for T1 than T2 incubation, whereas from older breeders they were similar at both temperatures (Table 7) . At DOH, brain MDA levels were higher in chicks from younger than from older breeders (Table 8) .
DISCUSSION
It is well documented that the thermoregulatory system of chicks can be imprinted during critical periods of incubation (e.g., Janke and Tzschentke, 2010) . Accordingly, there is considerable scientific and production interest in the acclimation of embryos to warmer or lower temperatures during incubation and posthatch. The utilization of fatty acids in the energy metabolism of mitochondria, and their role in the antioxidant status of embryos has been widely reported (Surai et al., 1996; Speake et al., 1998a,b) . Lacking, however, is information on effects due to changes in incubation temperatures. Here, our focus was on the effects of age of breeder hen and lower incubation temperatures on yolk sac, liver and brain fatty acids profiles, as well as oxidant and antioxidant status of embryonic livers and brains.
That the fatty acid composition of the yolk sac was influenced by breeder hen age is consistent with previous studies (Latour et al., 1996; Cherian, 2008; Yalçın et al., 2008a) . The uptake of individual fatty acids by embryos varies during development. In particular, from a,b Means in the same row within an enzyme for breeder age and for incubation temperature with no common superscript differ significantly (P < 0.05).
x,y Means in the last column within an enzyme with no common superscript differ significantly (P < 0.05). 1 SE: pooled SE. 2 T1: eggs were incubated at constant 37.6°C. T2: eggs were exposed to 1°C lower (36.6°C) incubation temperature for 6 h each day from EA 10 to 18. EA 14 to DOH SFA (16:0 and 18:0) levels of liver decreased whereas accumulation of MUFA (mainly 18:1n-9) increased. There was no change in accumulation of total PUFA. In contrast, accumulation of brain PUFA (mainly 20:4n-6 and 22:6n-3) increased from EA 14 to DOH. Furthermore, our results showed that breeder hen age influenced fatty acid accumulation in the embryonic liver and brain. At DOH, chicks from older breeders had lower liver 18:2n-6 but higher 22:6n-3, and lower brain 20:3n-6 than those from younger breeders. These results may explain an effect of breeder hen age on tissue specificity in fatty acid profiles, which could be due to the concentration of fatty acid binding proteins (Veerkamp and Maatman, 1995) . However, to our knowledge, effects of the age of breeder hen on chick liver and brain fatty acid binding transport proteins concentrations have not been reported. A major fatty acid, especially in the brain and nervous system is 22:6n-3 (Speake et al., 1998a,b) , whose content increases continuously throughout the development (Maldjian et al., 1995) . The lower yolk sac levels of 22:6n-3 at EA 19 and DOH than at EA 14 suggests that transfer of DHA to the embryo increases before hatching and is consistent with higher brain 22:6n-3 levels at EA 19 and 21. Similarly, whereas 20:4n-6 level in brains increased, it decreased in egg yolk. This observation was consistent with that of Maldjian et al. (1995) who reported that the accumulation of 20:4n-6 in embryo lipids was higher than that for other fatty acids and may be explained in part by resistance of 20:4n-6 to β-oxidation.
The most common cellular response to temperature is remodeling of biological membranes. An increase in the proportion of unsaturated fatty acids in comparison with SFA is the most common indicator of modifications of membrane lipid composition at lower temperatures (Hazel, 1995 (Hazel, , 1997 . We observed that the transfer of fatty acids was influenced by an interaction of breeder hen age and incubation temperature. Lower levels of yolk sac 20:4n-6 and 22:6n-3 fatty acids of T2 embryos from younger breeders indicated that more PUFA was transported to embryos by EA 14; however, the accumulation of 20:4n-6 and 22:6n-3 fatty acids in liver of T1 and T2 embryos from younger breeders was similar or even lower for brain. The 20:4n-6 is a precursor for synthesis of eicosanoids that participate in generation to cold defense responses (Aronoff and Romanovsky, 2007; Ben-Hamo et al., 2011 ). Therefore, the lower level of 20:4n-6 suggests cooler temperatures have a greater effect on embryos from younger than older breeders. In contrast, at EA 14, lower levels of 20:4n-6 and 22:6n-3 yolk fatty acids were transferred to T2 embryos from older breeders, whereas higher levels of 20:4n-6 and 22:6n-3 but lower levels of 18:1n-9 were observed in liver. Elevated PUFA and reduced levels of MUFA would promote membrane fluidity at low temperature (Hazel, 1995 (Hazel, , 1997 . Moreover, the lower liver SFA/PUFA of T2 embryos from older breeders supports this finding because increases in unsaturated fatty acids correlate with increases in tolerance to cold (Hazel, 1995 (Hazel, , 1997 , which suggests that embryos from older breeders are more resistant to cooler temperatures.
Low temperatures increase oxidative damage in chicks and antioxidant activity changes to maintain the antioxidant pro-oxidant balance (Özkan et al., 2007; Mujahid and Furuse, 2009) . Our results for the contents of MDA, CAT, and GSH-Px in livers and brains of embryos showed elevated MDA levels in the brain but not in the liver, suggesting that the former is more susceptible to oxidative stress than the latter during the first days of cooler exposure. This result is probably related to lower PUFA contents in liver. The greater liver GSH-Px activity at EA 14 than at EA 19 and DOH might contribute to decrease lipid peroxidation damage. The lack of changes in brain and liver GSHPx concentration by treatments may be related to the function of GSH-Px, which is relatively less than that of CAT (Jones et al., 1981) .
Our results show that embryos exposed to a cyclical cooler incubation temperature underwent alterations in their oxidant and antioxidant status. These alterations reflect adaptive responses [e.g., at EA 14, the higher brain CAT levels for T2 embryos from older breeders might be an adaptive response to relatively higher levels of H 2 O 2 produced (Jayanthi et al., 1998) ]. Higher brain MDA activity observed for T2 to T1 embryos from younger breeders implies increased brain oxidative susceptibility of embryos at EA 14.
Increases in NO levels from EA 14 to DOH may be attributed to neuronal NO synthase, which is related to neuronal cell differentiation (Ogura et al., 1996) . Dunai and Tzschentke (2012) reported that lower incubation temperatures, short-term, stimulate the activity of neuronal NO synthase, which acts as a mediator of the neuronal cold pathway in the anterior hypothalamus of Muscovy duck embryos. At EA 19, the higher liver NO production by T2 embryos from younger breeders (after cyclical cooler temperature treatment) may also represent adaptive changes in the embryonic liver. Because in rats and ducks NO regulates mitochondrial oxygen uptake, cooler temperatures increase muscle and liver mitochondrial respiration and NO synthesis decreases oxygen uptake (Carreras et al., 2001; Zaninovich et al., 2003; Rey et al., 2010) . However, because there was no environmental temperature stimulation on DOH, brain and liver NO levels for T2 chicks were lower or similar to T1, which suggests coordinated adaptive reactions (Dunai and Tzschentke, 2012) . Higher brain CAT levels observed in chicks at DOH from younger breeders incubated at T2 could reflect increased antioxidant protection of the tissue, which may play an important role in tissue protection against lipid peroxidation.
In conclusion, our results demonstrate that breeder hen age influences tissue specific fatty acid profiles and oxidant and antioxidant status of embryos from eggs incubated at both constant and cyclical lower temperatures. Embryos from older breeders were more resistant than those from younger breeders to cyclical incubation temperatures as evidenced by utilization of yolk sac fatty acids and accumulation of fatty acids in the liver. This observation has relevance and should be considered in studies involving genetic memory. The increase in brain CAT at EA 14 for embryos from older breeders and higher NO production observed at EA 19 for embryos from younger breeders in T2 may represent adaptive changes important posthatch. The enhancement of antioxidant status of T2 chicks from younger breeders at hatch can be beneficial in protecting tissues from oxidative injury resulting from cooler growing temperatures.
